An unstructured grid flow solver can alleviate many of the problems associated with structured grids. However, unlike the structured grid, the cell neighborhood of an unstructured grid must be definedexplicitly. The triangle isthe simplestand most convenient geometricfigurethat can be used to cover a two-dimensional domain. An advantage of using a simple triangular shaped cellisthe ability to generate grids about arbitrary geometries.
Another advantage
is the ability to add cells in high gradient regions of E = the flow field as well as those regions of the flow that are of interest without concern for the surrounding cells. The main disadvantages of using an unstructured mesh lies in the added complexity and memory and requirements of the flow solver. 
Governing Equations
The Navier-Stokes equations were used to model viscous fluid flow problems in this study.
In conservation law form and physical coordinates these equations can be written in vector form as aU OE OF -_--t-_-x q-_y -0
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In this work only Newtonian fluids will be considered, so the shear stress tensors are defined as = + + 2"u. = ],(2u. -
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If a further assumption is made that the gas is ideal,
where p = P/RT with//being the gas constant per unit mass, the Navier-Stokes equations can be written in nondimensional form as The approach will be demonstrated by using the Navier-Stokes equations in one dimension. The nondimensional form of these equations is written as
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It is important to note that the quantity P/RT is well behaved as Math number goes to zero since it is equal to the nondimeusional density, p/pr,f. ALso about a square hole generated in the above manner is shown in Fig. 1 .
The flow code requirements dictate the type of output that the grid generation scheme must provide. A connectivity array must be generated for an unstructured grid so that a cell neighborhood is completely defined for the flow code.
The code in the current work was based on a cell centered scheme.
Here the triangle itself was the control volume used in the finite volume formulation. 
Connectivity
The variable s is the semiperimeter of cell i,
and the quantities a, b, c refer to the lengths of the sides of the cell i. Cell face flow quantities required by Eq. (12) for the computation of the inviscid flux terms were approximated by using the average of the cell centered values on both sides of a given cell face.
The numerical integration of these quantities around the edges of the cell results in a central difference scheme that is second order accurate in space. The viscous terms required the computation of the derivatives on the faces of the triangle control volume. To compute these terms, the level 2 ceils shown in Fig. 3 were used and a different path integral was evaluated.
Again this yields a second order accurate scheme in space. A total of 10 cell centered quantities was used in the computation of the viscous quantities of the summation term of Eq. (12) . Specifically the viscous terms in the x-momentum equation are written as 
where St is the sum the areas of the two cells across a given edge, and the integral is along the path that traverses the outer boundary of the two ceils in a counterclockwise direction. These derivatives are interpreted as mean values over the area S'. The system of equations was integrated in time using an implicit scheme written in delta form. Newton linearization was used on nonlinear terms. For example, the terms 
where P = _ -1. One eigenvalue remains unchanged that is A1 = U. The other two eigenvalues )_2,3 for the given one-dimensional system take on a similar but yet a more complex form than that described This is the same quantity that was obtained by Withington et al. [15] with the ratio of specific heats set equal to one in the pre_ent work. On a typical problem in the present study, the solution time for the algebraic system(the Gauss-Seidel subroutine) was reduced by a factor of 7.6 times by using this four color partitioning. Recurrence is still present but only through the level 2 cells, illustrated in Fig. 3 , required in the viscous terms. The result is that the quantities in the level 2 cells are lagged from the previous iteration time step.
However, this does not seem to effect the convergence rate.
Results
The results presented in this section will be used to demonstrate two conclusions. 
Sudden Expansion
The previous test cases could have easily been computed using a structured grid approach. There does not seem to be any difference in the angular location of the actual separation point on either cylinder.
Four Port Valve
The final results are presented to show the versatil- [1]
3. A coloring scheme was used to take advantage of the vectorization of the implicit Gauss-Seidel solver.
A minimum of extra storage was necessary for a significant reduction in computer time.
The time spent in the solver was decreased by a [2] factor of 7.6. It was found that the recurrence in the viscous fluxes had little affect on the convergence of the solution to a steady state.
[z]
4. The use of the sparse matrix iterative solver allowed a much larger time step to be used than that of the Gauss-Seidel solver. However, every time step using the sparse matrix solver was significantly more expensive. Even so, the sparse [4] solver ran at 2 to 2.5 times faster than the block 
